Twelve new bis-Schiff bases of isatin, benzylisatin and 5-fluoroisatin 3a-3l were prepared by condensation of isatin, benzylisatin and 5-fluoroisatin with primary aromatic amines. The chemical structures of the products were confirmed by ¹H-and 13 C-NMR, IR and mass spectral data. The compounds were screened for antiviral activity against a panel of DNA and RNA viruses. Minimum cytotoxic and minimum virusinhibitory concentrations of these compounds were determined. Compounds 3c and 3i were the most cytotoxic in HEL cells. These newly synthesized bis-Schiff bases were also tested for their antibacterial and antifungal activities. They did not display activity against S. cerevisiae (ATCC 28383) or C. albicans (CIP 1180-79).
Introduction
Isatin has been known for about 150 years and has been recently found, like oxindole and endogenous polyfunctional heterocyclic compounds, to exhibit biological activity in mammals [1] . Isatin also is a synthetically versatile substrate that can be used to prepare a large variety of heterocyclic compounds, such as indoles and quinolines, and as a raw material for drug synthesis [2] . Isatin is further known to be a color reagent for the amino acid proline, forming a blue derivative [3] . This property has been exploited for the determination of this amino acid in pollens [4] and other vegetable materials [5] using paper chromatography or for the detection of polymer-bound compounds possessing proline residues [6] . Some isatin derivatives exhibit antiplasmodial activity [7] . Schiff bases and Mannich bases of isatin are known to possess a wide range of pharmacological properties including antibacterial, [8] [9] [10] anticonvulsant, [11, 12] anti-HIV, [13] [14] [15] [16] antifungal [17] [18] [19] [20] and antiviral activity [21] . Bis-Schiff bases are characterized by their capacity to completely co-ordinate a metal ion, forming chelate rings [22] . The Schiff bases of isatin have also been used as ligands for complexation of metals such as copper II [23] . These complexes catalyzed the oxidation of carbohydrates. Bis-Schiff bases can act as inhibitors of human α-thrombin [24] . Recently it has been reported that a bis-imine of isatin has antimicrobial properties [25] and affects cell viability [26] . Here we report the synthesis and characterization of new bis-Schiff bases of isatin, benzylisatin [27] and 5-fluoroisatin, which could be considered as potential biologically active compounds.
Results and Discussion
The desired bis-Schiff bases of isatin and its derivatives were prepared by the reactions of isatin, 5-fluoroisatin and benzylisatin with commercially available aromatic diamines in the presence of catalytic amounts of glacial acetic acid in EtOH under reflux condition (Scheme 1). The physicochemical properties of bis-Schiff bases thus prepared are summarized in Table 1 . 
Derivatives 3a-3l were evaluated for their in vitro biological properties against several human pathogens [28] (Table 2) . 
The compounds were also evaluated for their cytotoxicity (Table 3 ) and antiviral activity (Table 4 ) in human embryonic lung (HEL) and human epithelial (HeLa) cells and African green monkey kidney (Vero) cells, according to well-established procedures [29] [30] [31] . Derivatives 3a-3l were found to possess no antifungal activities against S. cerevisiae (ATCC 28383) and C. albicans (CIP 1180-79). Moreover, no antibacterial activities against Gram-positive and Gram-negative bacteria were noted, as is shown in Table 2 . The minimum cytotoxic concentration of the compounds varied from 8 µg/mL to ≥ 400 µg/mL, compounds 3c and 3i being the most cytotoxic (at 8 and 16 µg/mL) in HEL cells (Table  3) . Brivudin >500 500 >500 Ribavirin >500 >500 >500
The results of antiviral activity of the new Schiff bases of isatin and 5-flouroisatin are shown in Table 4 . None of the compounds exhibited specific antiviral activity, which means that they did not inhibit the replication (induction of viral cytopathogenicity) of any of the viruses tested at a concentration that was ≥ 5-fold lower than the minimum cytotoxic concentration. 
Brivudin >100 >100 >100 >100 >100
Ribavirin 300 300 300 >500 60 Mass spectra were obtained on a Shimadzu GCMS-QP 1000 EX instrument at 70 ev. The determination of the prepared products and reaction monitoring were carried out on silica gel 254 analytical sheets obtained from Fluka. Column chromatography was carried out by silica gel 60 Merck (230-270).
General procedure for preparation of bis-Schiff bases of isatin and its derivatives
Isatin, benzylisatin [27] or 5-fluoroisatin (13.6 mmol) and the aromatic diamines (6.8 mmol) were dissolved in warm ethanol (20 mL) containing glacial acetic acid (0.45 mL). The reaction mixture was refluxed for several hours. After standing at room temperature, the resulting solid was separated by filtration and vacuum dried. (3,1-phenylenenitrilo) )bis [1,3- (4,1-phenylenenitrilo) )bis [1,4- 
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